In this paper, the Taguchi method has been used to design optimum mix proportions for geopolymer concrete with ground granulated blast furnace slag (GGBFS) as aluminosilicate source at ambient curing condition. The influences of binder content, alkaline activator to binder content (Al/Bi) ratio, sodium silicate to sodium hydroxide (SS/SH) ratio, and sodium hydroxide (SH) concentration on the geopolymer concrete were investigated. A total of nine mix designs were evaluated. It was found that specimens with a binder content of 450 kg/m 3 , Al/Bi ratio of 0.35, SS/SH ratio of 2.5, and SH concentration of 14 M produced the highest 7-day compressive strength (60.4 MPa). However, the setting time was found to be short. Hence, fly ash (FA), metakaolin (MK), and silica fume (SF) were used as partial replacement of GGBFS in different proportions to increase the setting time. It was found that the setting time improved for the partial replacement of GGBFS with FA, MK, and SF. Al/Bi ratio of 0.35, SS/SH ratio of 2.5, and SH concentration of 14 M produced the highest 7-40 day compressive strength (60.4 MPa). However, the setting time was found to be short. 
Introduction

78
Climate change due to global warming is a critical environmental issue having considerable 79 negative impacts on all living organisms in this world. Global warming is caused by 80 greenhouse gas emissions including the emission of methane, nitrous oxide, and carbon 81 dioxide into the atmosphere. It was reported that globally the production of cement 82 contributed to about 5 to 7% of total carbon dioxide (CO 2 ) emission into the atmosphere [1] .
83
In 2013, the production of cement in Australia contributed to the emission of 36 billion 84 tonnes of CO 2 [2] . It is estimated that the production of one tonne of Ordinary Portland
85
Cement (OPC) releases about one tonne of CO 2 into the atmosphere [3, 4] . The consumption 86 of cement in the world for 2014 was 3.7 billion metric tonnes [5] . Considering an annual 87 growth of 4%, the consumption of cement by 2020 will be 4.7 billion metric tonnes. Hence, investigations on geopolymer concrete [6, 7] and alkali activated concrete [8] [9] [10] [11] as an 90 alternative for OPC concrete started a few decades ago and have recently gained popularity as 91 construction materials. This paper deals only with geopolymer concrete.
92
Geopolymer concrete does not contain any OPC and hence it is considered as green concrete.
based geopolymer concrete was increased when GGBFS was used as a small proportion of 124 the binder.
125
A large number of studies were conducted on geopolymer concrete, but there is still no to binder ratio [23] . It might be difficult to investigate the influence of all the parameters in a 131 single investigation. However, through a well-designed experimental program, the parameters 132 which influence the proportion of geopolymer concrete can be adequately investigated [23] .
133
The well-known Taguchi method [24] can be used for this purpose.
134
The Taguchi method is a fractional factorial design method which uses a special set of arrays parameter Al/Bi ratio of 0.35 was tested in three trials mixes: TM1, TM4, and TM7 (Table 3) .
195
The compressive strength of trial mixes TM1, TM4, and TM7 was 40.89, 56.05, and 52.23, 196 respectively (Table 5 ). The response index for trial mixes TM1, TM4, and TM7 was equal to x 100 mm) were used for casting concrete to measure the compressive strength. The 214 specimens were cast in three layers of geopolymer concrete and each layer was vibrated for 10 seconds. The specimens were left in the laboratory at an ambient condition for 24 hours.
216
The specimens were then removed from the moulds and left in an ambient condition.
217
The compressive strength was measured according to Australian Standard (AS 1012.9-1999)
218
[37] using W&T 1800 testing machine. The tests were carried out on three specimens for 219 each mix on the 7 th and the 28 th day and average strengths are reported in Table 5 .
220
The setting time of the geopolymer concrete was evaluated by partially replacing GGBFS showed that one of the main parameters affecting the geopolymer specimens is Al/Bi ratio.
256
The increase in the Al/Bi ratio resulted in a decrease in compressive strength. compressive strength is shown in Table 6 .
279 Fig. 3 and Table 6 show that the Al/Bi ratio is the most significant parameter that influences compressive strength of geopolymer concrete (Fig. 2) .
It can also be observed that the second influential parameter is the SH concentration with a 284 percentage of participation of 11.66%. strength of geopolymer concrete (Fig. 2) .
287
The third influential parameter is the binder content with a percentage of participation of 288 10.09%. (Fig. 2) . The SS/SH ratio has the lowest percentage of participation of 7.10%. Table   291 6 illustrates that SS/SH ratio of 2.5 is the optimum level. This indicates that a high ratio of 292 SS/SH could produces high compressive strength of geopolymer concrete (Fig. 2) .
293
Finally, TM10 mix was prepared and tested according to the optimum levels presented in 294 under ambient curing conditions, thus eliminating the necessity for heat curing.
370
Finally, the information presented in this study will be beneficial in the design of geopolymer 371 concrete at ambient curing conditions in order to enhance the durability of geopolymer 372 concrete and, in particular, to enhance its mechanical properties. In addition, the data presented in this paper will also be valuable in the selection and application of appropriate 374 testing methods for the geopolymer concrete under ambient curing condition. Table 1 Chemical composition (mass %) for GGBS, FA, SF, and MK.
530 Table 2 Parameters and proportions used in Taguchi experiment design.
531 Table 3 Parameters and values used in geopolymer concrete trial mixes.
532 Table 4 Mix proportions of trial mixes. 
533
